Important aspects of the recognized inverse relation between physical activity and breast cancer risk are still under discussion. Data on physical activity from sports, occupational activity, household tasks, walking, and cycling by reported frequency, duration, and intensity during adolescence and young adulthood were collected in 1999-2000 from 360 premenopausal breast cancer cases and 886 controls who had previously participated in a German population-based case-control study. In multivariate conditional logistic regression, no association between total physical activity and premenopausal breast cancer was found in two age periods. For women who were active during both periods, the adjusted odds ratio was 0.83 (95% confidence interval: 0.60, 1.14). When both age periods were combined, higher quartiles of total physical activity compared with the lowest quartile showed adjusted odds ratios of 0.97, 0.68, and 0.94. Only the effect of moderately high physical activity was statistically significant. Analyses by type of activity revealed significant protective effects for women who reported the highest levels of cycling activities (adjusted odds ratio = 0.66, 95% confidence interval: 0.45, 0.97). These data do not suggest an inverse monotonic association between total physical activity and breast cancer risk in premenopausal women. The study prevalence of cycling and walking for transportation demonstrated that national habits need consideration in the exposure assessment. breast neoplasms; case-control studies; exercise; premenopause; questionnaires Abbreviations: CI, confidence interval; MET, metabolic equivalent; OR, odds ratio.
Many studies have examined the role of physical activity in the etiology of breast cancer. Nine (1-9) of 17 cohort studies (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) and 15 (18-32) of 26 case-control studies that included more than 100 cases demonstrated a significant inverse association among the most physically active participants compared with the least active. A further six studies, one cohort (13) and five case-control (33, 35, (38) (39) (40) , can be classified as supportive for an inverse association. A comprehensive review of the literature up to the year 2000 is presented by Friedenreich (44) . The International Agency for Research on Cancer (45) recently concluded that there is sufficient evidence in humans for a preventive effect of physical activity on breast cancer risk.
Nevertheless, important aspects of the recognized inverse relation are still under discussion (45, 46) . One open question is whether physical activity influences breast cancer risk differentially for pre-and postmenopausal women (21, 30, 46, 47) . Evidence from studies investigating premenopausal breast cancer is not as consistent as for total breast cancer. Of the 20 studies (5, 16, 18, 20, 22, 25, 26, 29-34, 37-40, 42, 43, 47) that provided information on premenopausal breast cancer risk, only six (5, 18, 20, 26, 31, 38) clearly demonstrated an inverse association among the most physically active participants compared with the least active.
To elaborate on concrete public health recommendations, further clarification of the association between physical activity and breast cancer is needed. We therefore analyzed data from a recently conducted case-control study with the following specific aims: 1) to obtain all-day coverage of physical activity including sports, household tasks, transportation (walking and cycling), and occupational activity during adolescence and early adulthood; and 2) to analyze whether the two age periods or specific activity patterns over 122 Steindorf et al.
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time reveal differential effects of physical activity on premenopausal breast cancer risk.
MATERIALS AND METHODS
The present study, conducted in 1999-2000, was based on a population-based breast cancer case-control study carried out in 1992-1995 in two regions of southern Germany: the area of Rhein-Neckar-Odenwald and the greater area of Freiburg (48, 49) . Subjects eligible for participation were German-speaking women residing in the two study areas and having in situ or invasive breast cancer diagnosed at less than age 51 years. Of the 1,005 living eligible cases identified by monitoring hospital admissions, surgery schedules, and pathology records from 38 surveyed hospitals that serve the population of the two regions, 706 (70.2 percent) took part. Of the patients who did not participate, 51 (5.1 percent) did not because physicians refused to allow contact, 11 (1.1 percent) had health problems, 152 (15.1 percent) refused to participate, and 85 (8.5 percent) did not respond. Controls were selected from random lists of residents of the two study areas supplied by the population registries. For every recruited patient, two controls matched by exact age and study region were contacted by letter. Of the 2,257 eligible controls, 1,381 (61.2 percent) participated, 218 (9.7 percent) did not respond, and 658 (29.1 percent) refused to take part. All study participants gave their informed consent. The study was reviewed by the ethics committee of the Univer- To obtain detailed information on physical activity, all participants were recontacted by letter in August 1999 and were invited to take part in a computer-assisted telephone interview. A follow-up conducted through the population registries to obtain changed addresses also yielded the date of death of the 115 deceased cases and three deceased controls. The interviews were conducted from September 1999 to May 2000 by trained interviewers blinded to the case-control status of the participant. Of the 572 cases and 1,353 controls for whom valid telephone numbers could be ascertained, 81.8 percent of the cases and 81.2 percent of the controls gave an interview, 10.3 percent of the cases and 12.9 percent of the controls refused to participate, and 7.9 percent of the cases and 6.0 percent of the controls could not be reached. In summary, 468 of the cases (46.6 percent of the original eligible cases or 66.3 percent of the original study population) and 1,093 of the controls (48.4 percent of the eligible controls or 79.1 percent of the original study control group) participated in the telephone investigation on physical activity.
Menopausal status was assigned according to the woman's reported status 6 months before the reference date. Women were defined as postmenopausal if they reported a natural menopause or a bilateral oophorectomy. The menopausal status of women who reported hysterectomy alone was classified as unknown. In total, 360 (76.9 percent) of the 468 cases and 886 (81.1 percent) of the 1,093 controls were premenopausal, 6.8 percent of the cases and 6.1 percent of the controls were postmenopausal, and, for 16.2 percent of 
Assessment of physical activity
Physical activity was assessed during adolescence (age 12-19 years) and young adulthood (age 20-30 years) by using a detailed questionnaire on walking, cycling, household tasks, and 41 different sports activities. The frequency and duration of these activities were assessed by recording the numbers of years, months per year, days per week, and hours per day that each activity was performed. The intensity of the activity was estimated by the participant as light, moderate, heavy, or varying from instance to instance. In addition, lifetime occupational activity was assessed for all jobs held for more than 1 year. The years of starting and stopping the job, and whether it was full or part time, were reported. For each job period, intensity of the activity was assessed as mainly sedentary, standing/walking, or strenuous. Sedentary occupations were classified as physical inactivity. A specific metabolic equivalent (MET) abstracted from the Compendium of Physical Activities (50, 51) was assigned to each activity according to its reported intensity. A MET is defined as the ratio of the metabolic rate associated with a specific activity to the resting metabolic rate. The variables estimated for the analyses were expressed in METhours/week, calculated as the mean number of hours per week that participants engaged in an activity weighted by that activity's MET over both age periods separately and combined. Total physical activity was estimated as the sum of all reported activities.
Statistical analysis
Beyond standard descriptive statistics, we used logistic regression modeling conditioned on the matching variable age to estimate the odds ratios associated with breast cancer. We analyzed the different types of physical activities categorized via quartiles of the MET scores (MET-hours/week) of the controls separately in univariate models and in a multivariate model including all activities, as well as total activity. We investigated activity during adolescence and adulthood separately, in both periods together as well as in combination, categorized as inactive in both periods, active in both periods, active in adolescence only, and active in adulthood only. Linear trends were tested by entering physical activities as continuous variables in the models. To investigate interactions between different activities, we analyzed models that included a single activity (e.g., sports) and the sum of all other activities and the interaction term of both variables (not all data shown).
Potential confounding variables were investigated by using the difference between deviances of the models with and without the variable. The final models were adjusted for those variables found to influence goodness of fit: firstdegree family history of breast cancer (yes/no), number of full-term pregnancies (0, 1, 2, ≥3), height (continuous), change in body mass index (kg/m 2 ) between ages 20 and 30 years (unchanged ±2, increase, decrease), total months of breastfeeding (0, 1-6, ≥7), and mean daily alcohol consumption (0, 1-18, ≥19 g). Other factors such as study region; level of education; body mass index at age 20, 30, and 40 years; body shape at menarche assessed as a choice of seven silhouettes; weight at age 20 years; age at menarche; age at first birth; or use of oral contraception did not influence the estimates for physical activity. Table 1 summarizes some relevant characteristics and potential confounders for the study population of cases and controls. The mean age of cases was 41.9 years and that of controls was 42.5 years. When cases and controls were compared, controls were found to have a lower occurrence of family history of breast cancer, greater increase in body mass index between ages 20 and 30 years, more full-term pregnancies, longer durations of breastfeeding, and lower daily average alcohol consumption. Data on age at menarche, oral contraceptive use, age at first birth, educational level, body mass index and weight at age 20 years, height, energy intake, and smoking status were similarly distributed between cases and controls. Further classification of the population controls according to their total physical activity level during each age period (table 1) showed that women who reported low total physical activity were more likely to be nulliparous and have a higher educational level, a higher age at first birth, and a lower energy intake.
RESULTS
Physical activity is a multidimensional exposure variable. For each type of physical activity, table 2 describes the distribution of the summary measure for physical activity in MET-hours/week. At age 12-19 years, the highest contribution to total physical activity was from walking, followed by sports and cycling. Household activities were less relevant, and occupational activities had no impact at that age. At age 20-30 years, the highest activity levels stemmed from household and walking, followed by occupational activities. Combining both age intervals resulted in the main contributions resulting from walking and household, followed by occupational activities. During adolescence, 96 percent of all women participated in any sports, mainly at school (92 percent), followed by swimming (19 percent) and gymnastics (11 percent). At age 20-30 years, only 54 percent of all women reported any sports, mainly gymnastics (17 percent) and swimming (15 percent) (data not shown). In general, this crude comparison showed only minor differences between cases and controls. Table 3 gives the odds ratios for breast cancer and level of total physical activity in MET-hours/week for the two time periods separately and combined. No significant effects of total physical activity were observed for the separate age periods. When activity patterns were studied over time and those women whose total activity levels were below the period-specific median in both age periods were used as the reference group, women who were physically active in adolescence had only slightly reduced risks, and women who continued their activities throughout life had the highest risk reductions (adjusted odds ratio (OR) = 0.83, 95 percent confidence interval (CI): 0.60, 1.14). However, none of these reductions was statistically significant. After both periods were combined, all higher levels of total activity were associated with reduced odds ratios compared with low levels of physical activity (lowest quartile) in the multivariate adjusted model; however, only those for moderately high physical activity were statistically significant, that is, the third quartile of 104.1-145.5 MET-hours/week (adjusted OR = 0.68, 95 percent CI: 0.46, 0.99). We did not observe a trend in risk of breast cancer associated with increasing levels of total physical activity. The risk estimates were not substantially changed after adjustment for possible confounding factors. Table 4 gives the odds ratios for breast cancer by physical activity type and level in MET-hours/week for the two time periods combined. For physical activity via cycling, we found decreasing risks with increasing cycling activity levels (trend-test p = 0.03). The risk for women who reported the highest levels of cycling activities was reduced in all models, with an adjusted risk estimate of 0.66 (95 percent CI: 0.45, 0.97). Moderately high walking activity was associated with an increased risk of 1.48 (95 percent CI: 1.02, 2.13) after adjustment. For occupational physical activity, household tasks, and sports, we did not find any association with breast cancer risk. Adjustment for possible confounding factors did not change the risk estimates substantially.
Many studies in the literature have investigated the relation between physical activity and breast cancer by looking at sports only. We further analyzed the association between sports and premenopausal breast cancer by taking into account all other physical activities and possible interactions (table 5). Significant interactions were found. Women who reported low (below the median) activity levels for sports and low (below the median) activity levels for all other physical activities combined were defined as the reference group. Participation in sports during both age periods resulted in significant risk reductions of comparable magnitude for women who were also physically active besides participating in sports (OR = 0.46, 95 percent CI: 0.23, 0.95) and for women who were physically inactive in addition to sports (OR = 0.44, 95 percent CI: 0.22, 0.90). An even more pronounced risk reduction was found for women who did not participate in any sports during both age periods but who had high levels of all other types of physical activities (OR = 0.22, 95 percent CI: 0.08, 0.56).
It is conceivable that certain dietary factors may act as confounders or effect modifiers. For subjects from one of the two areas of our study (211 cases and 536 controls), a detailed assessment of nutritional habits based on a food frequency questionnaire with 148 items referring to 1 year prior to diagnosis/interview was available. Cases and controls had comparable energy intakes. Subgroup analyses (not shown) did not reveal any confounding or modifying effects between physical activity and total energy intake, variation in body mass index, or weight changes. Our findings also were not substantially modified among overweight women or lean women.
DISCUSSION
In the present study, associations with premenopausal breast cancer risk were examined for different types of physical activity for ages 12-19 and 20-30 years. No significant effects for total physical activity were found in any one of the age periods. Combining both age periods, we found a significant risk reduction for total physical activity at a moderately high level (104.1-145.5 MET-hours/week), but no reduction was found for the highest quartile. For cycling, we found a significant protective effect, and sports appeared to have some protective effect among otherwise less active women. For the other types of physical activity, only weak or no associations with breast cancer risk were observed. Before discussing these results, we will address strengths and limitations of this study.
Measuring physical activity in epidemiologic studies is difficult, and the use of different methods may partly explain the inconsistent results across studies. Our detailed assessment of nonoccupational activities (housework), occupation, transportation (walking and cycling), and sports with respect to the frequency, duration, and intensity during two time periods of adolescence and young adulthood improves upon many previously used instruments. To our knowledge, only two studies (30, 31) had comparable or more detailed coverage of physical activity with regard to all types of activities and assessed periods of participants' lifetime. Selection bias cannot be excluded in this study since women were recontacted for a telephone interview and not all women participated in the physical activity evaluation. We had only limited information on nonresponders, but they might have had a less healthful lifestyle, possibly leading to an artificially high proportion of physically active women in our control group. However, for other lifestyle factors, such as smoking, alcohol consumption, and social variables, nonparticipants did not differ substantially from participating cases and controls.
We observed little or no confounding in our analyses, even after controlling for most known breast cancer risk factors. In our study, active women and inactive women had similar smoking and drinking habits. Subgroup analyses did not reveal modifying effects of smoking habits or alcohol consumption. These findings are consistent with those from almost all other studies. Only one study (30) reported modifying effects of smoking and drinking. Our results indicating no confounding or effect modification of anthropometric and certain dietary factors on the association between physical TABLE 3. Univariate and multivariate odds ratios and 95% confidence intervals for breast cancer for total physical activity (MET*-hours/week) for both age periods separately and combined in a population-based case-control study of premenopausal breast cancer in Germany, 1999-2000 * MET, metabolic equivalent; OR, odds ratio; CI, confidence interval.
† Model adjusted for first-degree family history of breast cancer (yes/no), number of full-term pregnancies (0, 1, 2, ≥3), height (continuous), change in body mass index between age 20 and 30 years (unchanged ±2, increase, decrease), total months of breastfeeding (0, 1-6, ≥7), and mean daily alcohol consumption (0, 1-18, ≥19 g). activity and breast cancer risk are plausible given that premenopausal obesity or weight gain is not a risk factor for breast cancer (45) . We restricted this paper to premenopausal women only (79.8 percent of the total study population). Valid subgroup analyses for postmenopausal women were not possible. Comparable analyses for the total study population yielded similar results (data not shown). In the literature, findings on premenopausal women are conflicting. Of all 20 studies that reported on premenopausal women, including three cohort (5, 16, 47) and 17 case-control (18, 20, 22, 25, 26, 29-34, 37-40, 42, 43) studies, six (5, 18, 20, 26, 31, 38) observed a significant inverse association between some type of physical activity and breast cancer risk, six (22, 25, 29, 33, 39, 40) reported supportive but nonsignificant results for an inverse association, and eight (16, 30, 32, 34, 37, 42, 43, 47) † Model includes all types of activity. ‡ Model was adjusted for all types of activity and additionally for first-degree family history of breast cancer (yes/no), number of full-term pregnancies (0, 1, 2, ≥3), height (continuous), change in body mass index between age 20 and 30 years (unchanged ±2, increase, decrease), total months of breastfeeding (0, 1-6, ≥7), and mean daily alcohol consumption (0, 1-18, ≥19 g). did not find any association. The six studies that found an association yielded risk reductions in the range of 0.42 (18, 26) to 0.74 (20) . Of the two largest studies (33, 34) with more than 1,000 premenopausal breast cancer cases, one (33) was supportive and the other (34) did not find an association. Of the two studies with the most detailed exposure assessment (30, 31) , one (31) observed a significant inverse association and the other did not find any association between premenopausal breast cancer risk and physical activity.
We collected information on physical activity for two different time periods. We did not find any different effects of total physical activity by time period. With regard to activity patterns over time, women who were physically active during adolescence had slightly reduced risks, and women who continued their activities throughout life had the highest risk reductions. However, none of these reductions was statistically significant. We know of only four other publications (29, 31, 42, 52) that have examined the independent effects of physical activity in adolescence and in adulthood as well as changes in activity over time. Three of them (29, 31, 52) also found most pronounced risk reductions for women who exercised throughout life. However, in contrast to our findings, these studies reported a larger risk reduction for women who initiated exercise in adulthood compared with those who were active in adolescence only. One study did not find any effects of different time periods (42) .
To our knowledge, this is the first case-control study to investigate physical activity and breast cancer risk in Germany. Because physical activity may be associated with different national habits, it may be informative to perform studies in different countries. For example, in Germany, cycling is not only a recreational activity but also widely used as a means of transportation. As such, our study population differs from others, for instance, from North America. In our study, walking and cycling accounted for one third of total activity, and cycling as a means of transportation made a higher contribution than sports to the total activity score.
For cycling, we observed a clear duration-response and dose-response relation with regard to MET-hours/week. For women in the highest quartile (>21 MET-hours/week, i.e., women who cycled more than 3 hours/week with moderate intensity, for example), a protective effect of 34 percent was found. Very few studies have published data on cycling, and sometimes walking and cycling have been reported together. In a study performed in the Netherlands on postmenopausal women, a relative risk of 0.81 (95 percent CI: 0.60, 1.09) was reported for women who cycled or walked daily for more than 1 hour compared with women who did so for less than 10 minutes a day (9) . In a Finnish study, women who reported commuting, walking, or bicycling to work 30 minutes or more daily had a slightly lower risk of breast cancer (relative risk = 0.87, 95 percent CI: 0.62, 1.24) than women working at home, being unemployed, or driving a car to work (17) . Our findings support the suggestion by Ainsworth et al. (46) that nonoccupational activity, such as commuting to work, may be important for breast cancer risk, depending on the culture of physical activity in a country. A possible explanation for why cycling demonstrated a clear trend when other activities did not is that cycling is a salient activity that may be recalled better than other activities performed less frequently. Hence, there may have been less measurement error for this variable.
For sports in adolescence and/or adulthood, we did not find an effect on breast cancer risk in the univariate and multivariate models. However, in the more complex models, we found that sports for otherwise less active women resulted in a breast cancer risk reduction of about 50 percent. Confirmation of this result would be important for public health recommendations. For otherwise active women, participating in additional sports does not induce a further risk reduction. Some of the studies that assessed sports activity observed a reduction in breast cancer risk (1, 5, 6, 9, 18, 21, 23, 29, 31, 38, 40, 42) , whereas others found no association (14, 30, 47) . One case-control study found an increased breast cancer risk (36) . * Model was adjusted for first-degree family history of breast cancer (yes/no), number of full-term pregnancies (0, 1, 2, ≥3), height (continuous), change in body mass index between age 20 and 30 years (unchanged ±2, increase, decrease), total months of breastfeeding (0, 1-6, ≥7), and mean daily alcohol consumption (0, 1-18, ≥19 g).
† Mean metabolic-equivalent score over both age periods for all physical activities except sports. Women were classified as inactive if their activity was below the median value and as active otherwise.
‡ OR, odds ratio; CI, confidence interval. We did not find a clear trend or overall monotonic effect of decreasing breast cancer risk with increasing total physical activity that detracts from a causal interpretation. However, our findings on moderately high levels of total activity are consistent with those from some other studies that found protective effects for moderate activity but no effects or lesspronounced effects for high activity levels (9, 29, 42, 53) . It is possible that the association is not linear but may have a threshold or a U-shape (54) . These findings might be biologically plausible because moderate physical activity may enhance the immune system by elevating the number of natural killer cells, whereas exhaustive physical exercise may depress immunologic functions (55, 56) . Furthermore, activities performed at a vigorous level of intensity may be associated with hormone production and uptake, and/or prostaglandin production and uptake, and disturbances in overall energy balance (46, 55) .
In conclusion, these data do not suggest an inverse monotonic association between total physical activity and breast cancer risk in premenopausal women. In our study, a moderately high physical activity level was associated with a decreased breast cancer risk in premenopausal women. Confirmation of this association is of great public health importance. Our findings of a protective effect of cycling emphasize that the assessment methods need to be comprehensive and adapted to national habits. In our study, one third of the total exposure would have been missed if walking and cycling for transportation reasons had not been included in the interview. Furthermore, our study revealed interesting findings on sports in interaction with other physical activities, demonstrating that not only more refined assessment methods but also more refined analyses might be useful to study different aspects of physical activity and their relation to breast cancer risk.
